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, W*^f/: 0 tifzf&m*<D~ -ySr^O^mli 0 . 2 w t % (N i / 
Mg+Al+Ni=0. 0019mol) "C* 0 ^ ? ^ ;W£i*iT-<^ § £ 

f4 1 nmf*o/: 0 
[0 0 7 6] 
H»!l4 

^m^mm^mtmm^Lx, ug (no 3 ) 2 6h 2 o 128. 2 g t 

Al (NO3) 39H 2 0 31. 2 6 gt NaOH 3 7 5 ml (l4mol 
/LIS) i:NaC0 3 1 8. 4 9 g 1 0 0 0 m 1 mm^m^fz 

<£»2 0 0 0ml (DT)Vij vm&mwtZm^LtZo - <T> T y K±|E 
•^^^v^AJ^^T^^-^A^tO^^^Snx.. 9 5°C-e2Bt^«ft^^^f 
o T^^l7K@^bt?4>*» £#£ 0 i O <b § <7)RfD*#$<7) p H (4 1 3 . 9 "C*> o 
fc„ ^-C% iOT^^'Jttiilli:, Mg (NO3) 26H 2 0 6 3. 4 7 
giNi (NO3) 26H 2 0 0. 9 6 g£Al (NO3) 39H 2 0 15 
. 4 8 g t%mfrLtz5 0 0ml (Dv^*^ y Ajgt - 7;K - ^ A 

<7)rf^#m^in^> RiSrf &o P h £ 1 2 . 7cl, ?f>i:95 r-e 6 

5 x~$>ofzo mm&7kmt%>)m*tt<Dmwwz o . 35^ m -?& 0 , fsji^M 

XD0 0 6*4 0. 0 5 4 2 BETIi 1 OmVgt^o^o 

[0 0 7 7] 

o 9 0 0°C. 2B#P^^WCT*MU 7 7 0°CKXfrm/T )l<=f>mnS£&2 

tzffl&W-v 7-;K^)Mili0. 5wt% (Ni/Mg+Al+Ni=0. 0 
033mo 1) -e*i9. v >r MW&^<»-K § £ i4 2 n mt* o fc Q 

[0 0 7 8] 

H^Oll^iii^CLT, Mg (N0 3 ) 2 6H 2 0 1 5 3. 9 g h 
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^-v! 20/ 



Al (NO 3) 39H2O 37. 51gt NaOHl 12ml (14mol 
/Lit) CNaC0 3 18. 3 1 g 1 0 0 0ml il^JlDx.^: 

2 0 0 0mlW7iM l J rl^ttft Srffiit L tz 0 Z.<DT)Vij*) f&^±ffi 

v^^">^Ajfitr;i/^-^Aja[tojS^ffi*Jnx., 6 o°c-e2 B#r^«^^f 

o TH^7K^b^^»^t#7t 0 ioil ORJStSffiO pHIJlO. 1 -c*o 
f: c ^^^(OTi^'Jttf^IC, Mg (NO3) 26H 2 0 3 5. 8 6 g 
tNi (NO3) 2 6H 2 0 3. 9 8 3 g^Al (NO3) 39H 2 0 8. 
7 4 4 gt^i#^l^5 0 0ml ©vn^^Atti-y^^iliTJK-^A 
fflt OS^?SfSSr*nx., 5tJ£v#?RO p H * 8 . 7 K U $<9i:6 0t-e2 Bf I81& 

mmLtzmu^^^^^AtmUT^<^^At<D^tf^)um^MLx, o. 2 

5 TNfco fco fM^-7k^b^MliT-^1Sffi#(i 0 . 08^111^1), asu^M 
XD0 0 6J40. 0 2 2 4 ^mT»*^ BET(±2 4 3m2/gt^of: 0 
[0 0 7 9] 

o 8 0 0°Ct:t3^^i:tML, 8 5 0 VliZXfrm/T fr^yfomtttf 
2 0/8 0<OtfX%M*lZ&\<*X 1 mfflMTtWmZft^. ttI^*^#7to 
tL/c^^O-y ^;K7)-^^T»(i 1 . 8wt% (Ni/Mg+Al+Ni=0. 
OHmol) -e*!), tI-'^i«T-(7)^^(i4 nmt*of: 0 
[0 0 8 0] 

^©ii^t^ar, Mg (no 3) 26H 2 o 153. 9 g t 

Al (NO3) 39H 2 0 3 7. 5 1 gt NaOH2 6 0ml (Hmol 
/Lftf) CNaC0 3 1 8. 4 6 g 1 0 0 0 m 1 mW.Zlmz.fz 
^12 0 0 0ml <DT )l>* V m.&m$L*mMLtZo Z<DTA'fJ')f&&teiRK±& 

o TJBJRa^&ffcWJE^P* Wfco iOti <7)SK#I<7) p H f± 1 1 . 6 Tab o 
fc 0 &^X\ Z<DT)l<# V&mSbmz, Mg (NO3) 2 6H 2 0 3 7. 5 2 
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gtNi (NO3) 26H2O 1. 418g£Al (NO3) 39H 2 0 9 
. 1 5 0 g t£-mfrLfz5 0 0ml (D^V^h v - y y-)Ui*t T < - 

A^fcOjft'&JgFiftfciJDx., Jx)£*#?&Op H£ 1 0. 3CL, $ K 9 5 "Ct? 6 B# 

jfe&p L £ fffEv ^y^At BUfST ;w 3 - * A t O^ff^ LT, 0 
. 2 5 Tfco fc 0 M^TK^b^M^^ra^ti 0 . 13// m-Cab , ISe^T 
t^fXD0 0 6 H0. 0 2 5 2 ^mtl>^ BETIi5 2m 2 /gt*o/; 0 
[0 0 8 1] 

o 9 0 0°C^T 2CT^^T'McU 7 2 OrHTTK^/T^n^^Jt^ 
2 0/8 0O^$ca£4»tci3v»Tll^Wjt7ca31S:fi 1 v^ fc e #<b 

ftfcttlSE^O— -;>*;i/<0^^#*±(). 7wt% (Ni/Mg+Al+Ni=0. 

0 0 4 9mo 1 ) -CabO, ^-^M#if£i^7v££t±2 nm-C&ofco 

[0 0 8 2] 
H»9 7 

MgCl26H 2 0 12 1. 9ghAlCl 36H2O 25. 2 4 gt^ 
1 0 0 0 m 1 t Ltzo BUKN aOH393ml (14mol/L 
iM) t:NaC0 3 1 8. 5 6 g *mmZ*£tz 1 0 0 0 m 1 $giS£2Hlx.fc£* 
2000ml <r>T)\/ij 'Jl^il^ffllL/Co i^Ti^ y rl^}#fRK±f^^ 
*v*A&fc7;i^-*Aj££0^^il££ijn*., 9 0°C-e7B#^^^^f oT 
S^TK^b^SST- i<7)ti <DKfcmWL<D pHli 1 3 . 9 "Cab o fc e 

iOT^A'Jttl^C, MgCl 26H2O 18. 5 5g£NiC 

1 26H2O 17. 37giAlCl 36H2O 3. 6 2 4 gi»L/: 
5 0 0ml W^^^v^AJSt-^^^tT^^-^A^tO^^trJPx. 
> RJfci&iftO p H £ 1 3 . n:U $ £ K 9 5 8 H#H#U£ U HMKflT»*-C 
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7m.imw®.=$-<Dwmm* o . 24^ m-e* 19 , rn&^v-j xd 0 0 6 1± 0 . 0 

4 7 2 //mT**0x BETIi 1 8. 2m2/gtiot„ 
[0 0 8 3] 

o 7 0 OtCT 1 OtifWl&W\ZXmML^ 9 0 OrtCTTKSI/T^^flEfltJt 

l#^tif:tt«*(7)-'^^^Mi(il 0. 5wt% (Ni/Mg+Al+Ni 
= 0. 0 7 4 6mo 1) ? ^ ;W*if£i^* ^Ii6n rat?* o 

o 

[0 0 8 4] 

H»8 8 

MgCl26H 2 0 121. 9gfcAlCl 36H2O 2 5. 2 4 g^ 
M7K-ei#M$-<i:l 0 0 0 m 1 t Ltz Q SUKN aOH393ml (14mol/L 
If) CNaC03 1 8. 5 6 g^iH^^: 1 0 0 0ml M^iDi^i 
2 0 0 0ml (DTfril \) M^Mw* m±Lfz 0 c\<DT)^U m.&ifeWLkZ ±M~? ? 
^v^AJfifcT^^-^AJatOja^JSiSSrJDx., 9 Ottl 0 P#IBHRyS£: fro 
T«:R«3KKft«&;Klfc^£»fco - <7> <h § ORJfcjgifcO pHfil 3 . 9 X$> o 
o iWTi^'JttiilC, MgC 1 2 6H2O 18. 55g^Ni 

CI 26H2O 17. 37ghAlCl 36H2O 3. 6 2 4 g^i^L 
f:5 0 0ml ^^^y->^j|t- -y ^r)Vm.tT)V\ Ai*t<Dffi.^Ww.*1]\\ 
RJBmWL<D p H £ 1 3 . IK U $f>J: 1 8 Ottl 2 U ^*mf 

•7^^ A hftufaTA^ -->A fcO^tHe^HBclcStLT, 0. 2 5t*ot, 
f£^7k^tt/M*iT^M@f2 0 . 3 5 /i mT-& 0 , ig B VF-»M XD 0 0 6 (± 
0. 0 6 2 4 ^mf*^ BETI48m2/gt*o^ 0 
[0 0 8 5] 

m<Dmm^-Xt Ltz 0 1 4 0 0°CCT3 O^FI^CtML, 7 2 0 °C 
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tlT7k3f/T;i^>#:«Jt^2 0/8 0 <DU* 7.mH*\Z$>^X \ 2 TOStcM 
£frv\ j&»^*£#£o nhtitzmm*¥<7)=-y J r^<D^ML\$ 1 0. 5wt% 
(N i /Mg+A 1 + N i =0. 0746mol) t:^> «9 > ^m-v^MMl^ 
<DiK § £ li 7 n m-Cab o £ 0 
[0 0 8 6] 

Mg (NO3) 26H 2 0 1 6 0. 3 gtAl (NO3) 39H 2 0 3 9 
. 08gi:Ni (NO3) 26H 2 0 48. 4 7 g £ *#ft^CT?JS»P$* 1 0 0 
Omit Lfco BUKN a OH 298ml ( 1 4 m o 1 /LiftJ&) tCN a C O 3 
15.46 g 1 0 0 0ml ?§i££iHlx.7t£* 2 OOOmlWTW 

^*iHtttfi^£W£:o ft^7X^b«?-<7)«m#(i 0.26/, mt?Jb 0 . 
H H B t-t^XD0 0 6(±0. 0 0 4 6 3 ,«m-C£>«9, BETii 1 8. 5m2/gt 
&o£ 0 M^T, i <7) IE# * fiS 3 m m <7) ttfcVf \£—Xt Ltz Q 1 

0 0 0rKT2H#ra^<f KT8fc$;U 8 0 0 t t TKf / 7 ^ ^ > Mit* s 2 

fcM l f©-5'^^tili2 1. 5wt% (N i /Mg+A 1 +N i = 0. 

1 8 6 1 m o 1 ) <9 > £JR — -^Mte+^l? Iil4n mt^o/:„ 

[0 0 8 7] 
it«!l 

«-Al 2 0 3 «^tg2. 7mmO«flf-XtT, 9 7 0 °CICT 8 TO 
£^HCTttjRLfco £*UCfltB^y*-;w • 8 2. 4g$:^i$^:l 

0 0 0m 1 «^7/l/-ti*L, ^-e7 5 0t:t:-C3tW^ 

^CTML^o $e>(C7K3B/r;i'3'X*«Jt**2 0/8 0 wffA&Mip {z$> 
v>T8 0 0"CT' 1 mfflMTtWMZft ofc G 'i%hiitzm%*¥(V-y >r)V<D^m± 
8. 8w t % (N i /Mg + A 1+Ni=0. 0 8 1 1 mo 1 ) X$> «9 , 
7t«i : -^^ii4 6 nmtJbofco 
[0 0 8 8] 
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< mm * m ^ ttmm&Eu& > 

[0 0 8 9] 

ffirERl&jBf**^17iM4 K^to ^1 fi> GHS V^2 5 0 0 h~ 1 
T\ #Rj£fi£^£tt&^ * >ffl&&<omit*0i-i-o ^2f±. GHSV^l 0 0 

7 o oviz&w&fcfcmimffit*? ><Dmtm<vm&$:7f;iro ^4 1±, 700 
°c iz&ii h fcfcmmm t mm^Mm^mf^Ltz^mm^m^m^-o 

[0 0 9 0] 
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[0 0 9 1 ] 

m2\ 









CH4tefb^(%) 




CO 


S/C=1.8 


S/C=2.5 






600 


91.8 


92.1 






650 


92.4 


92.8 




Ni/(Mg+AI+Ni) 


700 


95 1 


95.7 




0.058mol 


750 


96.8 


97.3 




(Ni : 8.0wt%) 


800 


97.1 


97.8 






850 


97.4 


98.5 






900 


QR 1 








600 


90.8 


92.3 






650 


91.2 


92.6 




Ni/(Mg+AI+Ni) 


700 




94.2 


mmm2 


0.033mol 


750 


94.1 


94.8 




(Ni : 4.5wt%) 


800 


95.2 


96.3 






850 


96.1 


97.1 






900 


Q7 R 


QR R 






600 


90.1 


91.1 






650 


91.2 


92.3 




Ni/(Mg+Al+Ni) 


700 


JO. I 


Q4 1 




0.0019mol 


750 


93.8 


94.4 




(Ni : 0.2wt%) 


800 


94.2 


95.1 






850 


95.6 


96.2 






900 


Qfi 9 


07 R 






600 


82.5 


83.1 






650 


86.8 


87.5 




Ni/(Mg+Al+Ni) 


700 


87.9 


88.2 




0.1861mol 


750 


91.6 


92.1 




(Ni :21.5wt%) 


800 


92.1 


93.2 






850 


93.4 


93.8 






900 


94.2 


94.7 






600 


87.1 


88.6 






650 


88.5 


89.5 




Ni/(a-AI203+Ni) 


700 


91.7 


92.7 




0.08 1mol 


750 


92.2 


93.2 




(Ni : 8.8wt%) 


800 


93.8 


94.8 






850 


94.2 


95.2 






900 


95.2 


96.6 
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[£3] 









CH4te<t^(%) 




















(h) 


S/C=1.8 


S/C=2.5 




Ni/(Mg+AI+Ni) 


24 


93.1 


95.5 


ran +A- /t\ n-i 


O.Q58rnol 


150 


92.8 


95.5 




(Ni : 8.0wt%) 


350 


93.4 


94.9 




Ni/(Mg+Al+Ni) 


24 


93.5 


94.5 


MBSCT 1 


0.058mol 


150 


93.7 


94.3 




(Ni : 8.0wt%) 


350 


93.2 


95.6 




Ni/(Mg+AI+Ni) 


24 


90.9 


92.4 


r-t-i -fVl" iXl 1 O 

mzjSvu 2 


0.033rnol 


150 


89.8 


92.1 




(Ni : 4.5wt%) 


350 


90.1 


91.8 




Ni/(Mg+AI+Ni) 


24 


90.1 


91.7 


C*T> +6" /Ql 1 


0.0019mol 


150 


88.8 


91.4 




(Ni : 0.2wt%) 


350 


89.3 


91.1 




Ni/(Mg+AI+Ni) 


24 


91.3 


92.1 


^Jite#J 4 


0.003mol 


150 


89.8 


92.5 




(Ni : 0.5wt%) 


350 


89.1 


91.8 




Ni/(Mg+Al+Ni) 


24 


90.2 


92.8 


r=t=> -tntr- /Cil f- 


0.014mol 


150 


89.3 


92.1 




(Ni : 1.8wt%) 


350 


90.4 


92.5 




Ni/(Mg+AI+Ni) 


24 


90.5 


91.1 


uste^j 6 


0.0049mol 


150 


88.8 


90.3 




(Ni : 0.7wt%) 


350 


87.3 


89.8 




Ni/(Mg+AI+Ni) 


24 


92.9 


94.7 


Hlfte^lJ 7 


0.075mol 


150 


92.8 


94.5 




(Ni : 10.2wt%) 


350 


93.3 


95.1 




Ni/(Mg+AI+Ni) 


24 


92.6 


93.8 




0.075mol 


150 


92.7 


94.1 




(Ni : 10.2wt%) 


350 


92.8 


93.6 




Ni/(Mg+AI+Ni) 


24 


93.1 


93.6 




0.1861mol 


150 


92.8 


93.4 




(Ni :21.5wt%) 


350 


92.6 


92.9 




Ni/(a-AI203+Ni) 


24 


87.2 


87.7 




0.081 Imol 


150 


87.2 


87.3 




(Ni : 8.8wt%) 


350 


87.4 


87.2 
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[f£4] 





fifb fen trfe 




&mm (wt» 






(h) 


S/C=1.8 


S/C=2.5 




Ni/(Mg+AI+Ni) 


24 


0.18 


0.21 




0.058mol 


150 


0.26 


0.32 




(Ni : 8.0wt%) 


350 


0.33 


0.41 




Ni/(Mg+AI+Ni) 


24 


0.19 


0.16 


Hi£« 1 


0.058mol 


150 


0.28 


0.33 




(Ni : 8.0wt%) 


350 


0.32 


0.45 




Ni/(Mg+AI+Ni) 


24 


0.16 


0.18 




0.033mol 


150 


0.19 


0.22 




(Ni : 4.5wt%) 


350 


0.25 


0.38 




Ni/(Mg+AI+Ni) 


24 


0.11 


0.14 




0.0019mol 


150 


0.21 


0.25 




(Ni : 0.2wt%) 


350 


0.32 


0.38 




Ni/(Mg+AI+Ni) 


24 


0.14 


0.18 




0.003mol 


150 


0.22 


0.27 




(Ni : 0.5wt%) 


350 


0.35 


0.42 




Ni/(Mg+AI+Ni) 


24 


0.15 


0.17 


mmm 5 


0.01 4mol 


150 


0.23 


0.28 




(Ni : 1 .8wt%) 


350 


0.36 


0.43 




Ni/(Mg+AI+Ni) 


24 


0.12 


0.16 | 


mmm & 


0.0049mol 


150 


0.23 


0.28 




(Ni : 0.7wt%) 


350 


0.34 


0.41 




Ni/(Mg+AI+Ni) 


24 


0.18 


0.22 


mmm i 


0.075mol 


150 


0.27 


0.31 




(Ni : 10.2wt%) 


350 


0.32 


0.44 




Ni/(Mg+A!+Ni) 


24 


0.17 


0.27 


mmm* 


0.075mol 


150 


0.29 


0.36 




(Ni : 10.2wt%) 


350 


0.38 


0.42 ! 




Ni/(Mg+Al+Ni) 


24 


0.58 


0.56 ! 


#*«y 


0.1861mol 


150 


0.64 


0.61 




(Ni : 21.5wt%) 


350 


0.85 


0.79 




Ni/(a-AI203+Ni) 


24 


2.5 


2.7 


tt«« 


0.081 1mol 


150 


3.6 


4.2 




(Ni : 8.8wt%) 


350 


4.8 


5.6 
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